The purpose of this study was to establish a useful cut-off level for performing an original Rastelli-type operation in patients with transposition of the great arteries (TGA)yventricular septal defect (VSD) or double outlet right ventricle (DORV). A total of 43 patients with TGAyVSD or DORV who underwent an original Rastelli-type operation in this institute between March 1993 and January 2009 were reviewed retrospectively. These patients were divided into two groups using the length between the top of the interventricular septum and the aortic valve (IVS-AV length); Group A; IVS-AV length -80% of normal left ventricular end-diastolic diameter (LVDd). Group B; IVS-AV length G80% of normal LVDd. Group A had a significantly better survival than Group B (100% vs. 56%, Ps0.001). The cardiac event-free survival were 89.1% at 7.2 years in Group A and 26.3% at 8.4 years in Group B (P-0.0001). The Group B had a higher incidence of left ventricular outflow tract obstruction (LVOTO; 3% vs. 33%, Ps0.02). The IVS-AV length was found to be a significant risk factor for mortality and LVOTO. The IVS-AV length should, therefore, be taken into consideration when selecting the optimal surgical procedures for these patients.
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Introduction
Patients who have a transposition of the great arteries (TGA) q ventricular septal defect (VSD) with pulmonary obstruction or double outlet right ventricle (DORV) with pulmonary obstruction are usually treated with an original Rastelli-type operation that includes intraventricular rerouting to creating a left ventricular outflow tract (LVOT) and reconstruction of the right ventricular outflow tract (RVOT) w1x. Patients undergoing an original Rastelli-type operation often require a long intraventricular rerouting patch, and it may be a risk factor for death, left ventricular outflow tract obstruction (LVOTO), and heart failure w2x. However, no study has yet clearly established the indications for an original Rastelli-type operation or identified which patients are candidates for a more complicated biventricular repair, such as the Réparation à l'Etage Ventriculaire (REV) operation w3x, the Nikaidoh procedure w4x and a half-turned truncal switch operation w5x, as well as which patients are candidates for the Fontan operation. One study reported the mid-term results of the Nikaidoh procedure to be superior to the Rastelli operation w6x although the Nikaidoh procedure had a high early mortality w6, 7x. In addition, the long-term outcome of the Fontan operation may be better than a complex biventricular repair w8, 9x. Therefore, elucidating the limitations of the original Rastelli-type operation is a very important issue. The purpose of this study was to describe the outcomes in a patient who underwent an original Rastelli-type operation and to verify whether the length of the intraventricular rerouting patch really affects the outcomes.
Materials and methods

Patients
This study was approved by the Institutional Research Ethics Board at the Okayama University Hospital (OUH), and patient consent was waived. The records of patients who underwent an original Rastelli-type operation in OUH between June 1992 and April 2008 were reviewed retroDownloaded from https://academic.oup.com/icvts/article-abstract/10/6/900/775280 by guest on 27 January 2019 spectively. Patients without a sufficient length between the tricuspid valve and the pulmonary valve, patients with DORV with subpulmonary VSD, patients with inlet VSD, and patients with abnormal tricuspid chordae which cross the area for LVOT were excluded in this study.
Measurement of the IVS-AV length
The length between the top of the interventricular septum and the aortic valve (IVS-AV length) was regarded as the length of the intraventricular rerouting and was measured by the parasternal long axis view of echocardiography and by either the frontal view or lateral view of catheter examination (Fig. 1) . The maximum lengths of these measured values were adopted for this study.
Surgical procedures
All of the operations were performed using a conventional continuous flow cardiopulmonary bypass and mild to moderate hypothermia. Cardiac arrest was obtained with cold (4 8C) crystalloid cardioplegia after aortic cross-clamping. A right atriotomy was performed. Reconstruction of the LVOT was performed with a polytetrafluoroethylene (PTFE) or Dacron sauvage patch. A pulmonary arteriotomy was performed in patients with pulmonary stenosis (PS). A right ventriculotomy was performed in patients with pulmonary atresia (PA). The muscles protruding into the RVOT were resected in patients with PS. Atrial rerouting was performed after VSD closure in patients with an atrioventricular discordance. The method of RVOT reconstruction depended on the anatomies of each patient. When patients had a PS that did not require a transannular patch, a pulmonary valvotomy was performed, then, if necessary, the pulmonary artery was enlarged with a fresh autologous pericardial patch. When patient had a PS which required a transannular patch, the incision of pulmonary arteriotomy was extended to the RVOT. Thereafter, the RVOT was reconstructed using a fresh autologous pericardial patch with a PTFE monocuspid valve. When patients had PA, the site of the right ventriculotomy was determined according to the intracardiac anatomy of each patient. An artificial conduit was interposed between the right ventricle (RV) and the central pulmonary artery.
Statistical analysis
Binary data or categorical data (except for patients' diagnosis) were analyzed using Fisher's exact test. Pearson's x -test was used for comparison of patient's diagnosis. Student's t-test was used for comparison of continuous data. Tricuspid regurgitation (TR) and pulmonary regurgitation (PR) were compared with the Mann-Whitney U-test. The correlation between the IVS-AV length and aortic crossclamp time (ACCT) was evaluated using a bivariate linear regression analysis. Data are expressed as the mean"standard deviation (S.D.) or median and range as appropriate. A P-0.05 was considered to be significant. The normal left ventricular end-diastolic diameter (LVDd) and normal aortic valve (AV) diameter means the average LVDd and the average AV diameter in normal population that were described in a previously published test book w10x, respectively. The definition of early death is death which occurs within 30 days after the operation. IVS-AV length, the length between the top of the interventricular septum and aortic valve; LVDd, left ventricular end-diastolic diameter; LVOTO, left ventricular outflow tract obstruction; CPBT, cardiopulmonary bypass time; ACCT, aortic cross-clamp time; TR, tricuspid regurgitation; RVEDV, right ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; RVEF, right ventricular ejection fraction; TGA, transposition of the great arteries; cTGA, corrected transposition of the great arteries; DORV, double outlet right ventricle; VSD, ventricular septal defect. Fig. 2 . Several ratios for expressing the relative length of IVS-AV. Several references were consulted to create a ratio for expressing the relative length of IVS-AV against the body growth; the body weight (IVS-AV lengthypatient's body weight), the body surface area (IVS-AV lengthypatient's body surface area), normal LVDd value (IVS-AV lengthynormal LVDd), and normal aortic valve diameter (IVS-AVynormal aortic valve diameter). The value of the vertical axis shows the cut-off points for analysis. The IVS-AV lengthynormal LVDd ratio with a cut-off point of 0.8 (80% of normal LVDd) appeared to have the most significant influence on mortality. AV, aortic valve diameter; BSA, body surface area; IVS-AV length, the length between the top of the interventricular septum and the aortic valve; LVDd, left ventricular end-diastolic diameter.
Results
Patients' diagnosis and demographics
Forty-three patients were entered in this study. The main cardiac diagnoses were DORV in 26, TGAqVSD in five, and congenitally corrected transposition of the great arteries (ccTGA)qVSD in 12. A diagnosis of DORV was made with application of the 50% rule w11x. Thirteen of 26 patients with DORV had tetralogy of Fallot-type DORV. All of the other patients with DORV except for one patient with a doubly committed VSD had a subaortic VSD. All of those patients had either PA (including one patient with nonconfluent pulmonary artery) or PS. The median age at the Rastelli-type operation was 28 months (range, 0-430). The median body weight was 11.3 kg (range, 2.2-60.0).
Surgical data
All of the ccTGA patients underwent a Rastelli-type double-switch-operation with 11 Senning and one Mustard operation. The RVOT was reconstructed with an artificial valve conduit in 18, a homograft in two, transannular patch plasty with a PTFE monocuspid valve in seven, simple patch plasty of the main pulmonary artery in three, pulmonary valvotomy only in 12, and direct anastomosis between the main pulmonary artery and the RV in one. The associated procedures were VSD enlargement in 12 (conal septal resection in eight, anterosuperior VSD enlargement in three, conal septal resection and inferior VSD enlargement in one), pulmonary arterial plasty in 10, tricuspid valve repair in three (a commissuroplasty in one, division of an abnormal tricuspid chorda in one, suspension of the tricuspid annulus in one with mild Ebstein), and transfer of the left pulmonary artery in one.
Postoperative outcomes
There was one early death and three late deaths. The early death was due to low output syndrome (LOS). The late deaths were caused by LOS in one, ventricular fibrillation in one, and heart failure with a subaortic stenosis in one. Two of those three patients were hospital deaths (LOS and ventricular fibrillation). The mean follow-up period for the 42 early survivor was 69"54 months (1-201). Four patients experienced LVOTO, which was defined with G2.0 mys blood flow in the LVOT by echocardiography or G5 mmHg pressure gradient by catheter examination. Late postoperative tachyarrhythmias occurred in three patients; supraventricular tachyarrhythmia in one, ventricular fibrillation in one, and ventricular tachycardia in one. Eight patients underwent surgical re-intervention; re-do RVOT reconstruction in five, release of a pulmonary venous obstruction (PVO) in one, closure of an orifice of the LVOT aneurysm in one, and closure of a residual VSD in one.
Risk analysis for mortality
The IVS-AV length was expressed with a ratio which was calculated from the measured maximum IVS-AV length (mm) divided by the normal LVDd (mm). Several references were consulted to create the ratio for expressing the relative length of IVS-AV against the body growth. Fig. 2 shows the results. The IVS-AV lengthynormal LVDd ratio with cut-off point of 0.8 (80% of normal LVDd) appeared to have the most significant influence on mortality. Table 1 shows the results of a risk analysis for mortality. IVS-AV length, the length between the top of the interventricular septum and aortic valve; LVDd, left ventricular end-diastolic diameter; LVOT, left ventricular outflow tract; AV, aortic valve; TGA, transposition of the great arteries; cTGA, corrected transposition of the great arteries; DORV, double outlet right ventricle; BSA, body surface area; CTR, cardio-thoracic ratio; LVEF, left ventricular ejection fraction; RVEF, right ventricular ejection fraction; TR, tricuspid regurgitation; RVEDV, right ventricular end-diastolic volume; CPBT, cardiopulmonary bypass time; ACCT, aortic cross-clamp time; VSD, ventricular septal defect. Fig. 4 . Estimated cardiac event-free survival (other than a re-do RVOT reconstruction and a pulmonary venous obstruction) of Group A and Group B. The cardiogenic event-free survival (other than a re-do RVOT reconstruction and a pulmonary venous obstruction) was also significantly lower in Group B than in Group A (89.7% at 16.8 years in Group A and 26.3% at 8.4 years in Group B (P-0.001). RVOT, right ventricular outflow tract. The longer IVS-AV length tended to have positive correlation with longer ACCT (Rs0.763 and Ps0.132 in TGA patients; Rs0.529 and Ps0.09 in ccTGA patients; Rs0.303 and Ps0.160 in DORV patients).
Group A vs. Group B
All of these patients were divided into two groups according to the IVS-AV length; Group A; IVS-AV length of -80% of normal LVDd. Group B; IVS-AV length of G80% of normal LVDd. Table 2 shows the results of comparisons of the preoperative, operative, and postoperative data between Group A and Group B. Table 3 describes the comparison of the postoperative outcome between Group A and Group B. The cardiac events mean left heart failure either with or without LVOTO, re-operations related with the LVOT, and arrhythmias. Re-do RVOT reconstructions and a reoperation due to PVO were excluded because these reoperations were thought to not be related with the IVS-AV length. Fig. 3 shows that the estimated survival was significantly lower in Group B than in Group A. Fig. 4 shows that the cardiogenic event-free survival (except for re-do RVOT reconstructions and a PVO) was also significantly lower in Group B than in Group A. In addition, the survivors in Group B tended to have a larger right ventricular end-diastolic volume (RVEDV) than the non-survivors (Fig. 5) .
Discussion
Lacour-Gayet et al. previously noted that long left ventricular rerouting tunnel may be a risk factor for death, LVOTO, and heart failure in patients who underwent a Rastelli operation w2x. However, there is no evidence to support this hypothesis. This study showed that a long IVS-AV length was an important risk factor for mortality, cardiogenic postoperative events, and LVOTO in patients who underwent the original Rastelli-type operation. The results of this study will provide justification for the selection of a repair type in this patient population.
This study used a ratio of the IVS-AV length to the normal LVDd to express the relative length of the IVS-AV against the body growth. However, the ratio of IVS-AV length to the normal AV diameter with cut-off point of 200% of normal AV diameter was also found to be significant difference on the mortality. However, using the LVDd seemed to be more sensitive than using the normal AV diameter. There may be a discrepancy between the growth of the LVDd and the growth of the AV diameter.
This study found that cardiopulmonary bypass time (CPBT) of G300 min, ACCT of G180 min, and postoperative LVOTO were also risk factors for mortality, however, the IVS-AV length seemed to have a large influence on these factors. In addition, the IVS-AV length seemed to have a positive correlation with ACCT. These results indicated that there was a strong relationship between the IVS-AV length and these intraoperativeypostoperative factors. Therefore, the IVS-AV length is the causative preoperative factor for mortality.
The patients in the current series with an RVEDV of G120% of the normal RVEDV in Group B tended to have better survival than patients with that of -120% of normal RVEDV in Group B. A large RV may contribute to reduce the risk of long rerouting patch with reducing the risk of postoperative LVOTO because a large RV allows the placement of a sufficiently larger rerouting patch in the RV without impairing the function of the RV.
There are some limitations in this study. First, this study was conducted retrospectively. Therefore, not all of the IVS-AV lengths measurements were performed both with catheter and echocardiography. Second, an appropriate multivariate analysis could not be performed due to the small number of the patients. Third, this study included patients with a very diverse anatomical spectrum of the heart. With these limitations in this study, the influence of the IVS-AV length for an original Rastelli-type operation should be re-evaluated with a multivariate analysis in patient populations with each respective diagnosis in the future.
In conclusion, the IVS-AV length was found to be a significant risk factor for mortality and postoperative cardiogenic events. However, a larger RVEDV may somewhat compensate for the risk of mortality. The IVS-AV length should be taken into consideration when selecting the optimal surgical procedures for these patients. 
Conference discussion
Dr. B. Brawn (Birmingham, UK): Chairmen, in typical fashion, Shunji Sano's group has focused on a pertinent point to try and indicate whether biventricular repair will reduce the problems with left ventricular outflow tract in this group of patients.
It seems that the longer the length of the top between the ventricular septum and the aortic valve as indicated in your diagram, the worse the outcome. This is retrospective that you saw on echocardiograms. There is a mixed bag of diagnoses from double outlet to ccTGAs.
It would be fantastic if this worked, and as you pointed out, it's important to do a prospective study. These were all postoperative results. I congratulate the author on their innovative approach to this group of patients.
I have a few comments or a question I should say. Are you saying that the length of the left ventricular outflow tract that you measure from the top of the septum to the aortic valve perhaps is also related to postoperative left ventricular outflow tract obstruction? Was there left ventricular outflow tract obstruction in that group more than in the ones with the shorter patch?
Dr If the length between the IVS and the aorta is longer, then the incidence of left ventricular outflow tract obstruction in the long-term is much higher.
Dr. Brawn: And could you comment, please, on the benefit, if any, of including ccTGAs in this group of patients, and in particular, the relationship between the proportion of problems between those that have pulmonary stenosis and those that have pulmonary atresia. Because I think Viktor pointed out earlier when you have pulmonary atresia, the VSD is often more better aligned to the aorta. Dr. Sano: First, we try to analyze all the patients who require a longer intraventricular tunnel patch, so that's why we include the corrected TGA. We know that the pulmonary stenosis and pulmonary atresia patients are a little bit different. There's also a difference between the Asian population and also the applications.
In the Asian population, the VSDs, to me, my experience, it's much bigger. And, also, some of the patients are very much remote. The additional point is the shape of the tunnel itself which can be extremely important in the long-term. Can you comment on that?
Dr. Sano: From our analysis, as you know, if the intraventricular rerouting patch is long, then non-functioning left ventricular cavities increase compare to the functioning left ventricular cavity. That's why the long-term result is not as good as the other group, I imagine. We try to analyze more details about these things, but there is no good evaluation method.
And also, we try to put a little bit bigger patch to avoid left ventricular outflow tract obstruction. That requires a larger right ventricular enddiastolic volume. But I think the long-term result may be the same because we have non-functioning cavities. If the patient has a long patch, we now change our policy. We do a Fontan strategy rather than doing a double switch because the Fontan result is quite good. The authors touched upon an important question concerning the parameters of the heart and its structures during the operation for biventricular correction of complex congenital heart defects w1x.
It is generally known that the Rastelli-type operation includes the creation of a channel within the right ventricular cavity serving for the connection of the left ventricle with the aortic valve. The subject of this study was the length of the channel formed between the left ventricle and the aorta (the length between the top of the interventricular septum and the aortic valve) and the influence of this parameter on the mortality and the frequency of postoperative left ventricular outflow tract obstruction (LVOTO). The authors concluded that the length of the channel between the left ventricle and the aorta is a reliable factor of mortality and LVOTO.
While being confident upon the veracity of the obtained results, we would like to discuss one problem. It concerns the spectrum of the anomalies included in the study. For a good reason, the authors have excluded patients with DORV with inlet ventricular septal defect (VSD), as well as patients with abnormal tricuspid chordae which cross the left ventricular outflow tract, as the correction of these DORV variants is more complicated and the formation of a direct channel between the left ventricle and the aorta in such cases as a rule is impossible w2, 3x.
However, the material of the study included patients with congenitally corrected transposition of the great arteries (ccTGA)qVSD who underwent more complicated surgical repair (double-switch-operation) in comparison with the Rastelli-type operation for DORV with subaortic VSD. From our point of view, these groups are different in complexity and volume of surgical repair. As the paper states, three out of four dead patients had corrected ccTGA w3/12 (25%)x, and the fourth one had DORV w1/26 (3.8%)x. Hence, the mortality in these groups is also different. It would be interesting to know the interventricular septum and the aortic valve length depending on the nosology (ccTGA, DORV), and to correlate it with the results of correction after the calculation of Z-score value from normal left ventricular end-diastolic diameter.
